Engineering substrate specificity of succinic semialdehyde reductase (AKR7A5) for efficient conversion of levulinic acid to 4-hydroxyvaleric acid.
Engineering enzyme substrate specificity is a promising approach that can expand the applicability of enzymes for the biocatalytic production of industrial chemicals and fuels. In this study, succinic semialdehyde reductase (AKR7A5) was engineered for the conversion of levulinic acid to 4-hydroxyvaleric acid. Levulinic acid is a derivative of cellulosic biomass, and 4-hydroxyvaleric acid is a potential precursor to bio-polymers and fuels. Therefore, the enzymatic conversion of levulinic acid to 4-hydroxyvaleric acid is of special significance in that this conversion could provide a meaningful basis for the bio-production of useful chemicals from cellulosic biomass. In engineering the substrate specificity of the AKR7A5, a rational design approach with the aid of enzyme-substrate interatomic contact analysis was applied. The Met13 residue was selected as a key mutation site, and substitutions of the residue with six hydrophobic amino acids were applied. As a result, four mutants with enhanced catalytic activity toward levulinic acid were obtained, and the most improved mutant, Met13Trp, exhibited a 7.0-fold increase in catalytic efficiency. Additionally, the structural effects of the positive mutations were investigated to analyze the structural basis for the enzyme substrate specificity with the target substrate.